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FLIPPED CLASSROOM TEACHING METHODS IN MEDICAL EDUCATION 
 
CHRISTOPHER MICHAEL TREMONTI 
 
ABSTRACT 
Background 
Recent rapid increases in technology development have become increasingly prevalent in 
education. As a result of online education resources, classroom teaching dynamics have 
begun to shift away from traditional lecture. In particular, flipping the classroom has 
become popular in higher education. Flipping the classroom consolidates standard 
lectures into at-home self-study modules, and utilizes class time for engaging students in 
critical thinking exercises. Some research suggests that this style of teaching has led to 
increased student satisfaction, higher exam scores, and development of stronger problem-
solving skills.  
Objectives 
The objective of this study is to compare student satisfaction and exam performance 
between students taught using flipped classroom modules versus traditional lectures in 
PA and medical student didactic education. Faculty satisfaction with content delivery and 
student engagement will also be compared using flipped classroom and traditional 
lectures. 
Methods 
This study is a crossover interventional study that includes first year PA students and 
second year medical students at Boston University School of Medicine. Students will be 
randomly assigned to either a control group or experimental group. Both groups will take 
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three tests throughout the study: a pre-test prior to intervention, a test following the first 
week prior to crossover, and a final test after crossover completion. Each test will consist 
of 30 multiple choice questions and a Likert scale questionnaire assessing student 
satisfaction. The control group will be exposed to traditional lectures while the 
experimental group will be exposed to a flipped classroom module. Content will be 
identical between groups, and following module completion, the groups will crossover 
for exposure to other treatment. Additionally, faculty will be randomly assigned to either 
a control or experimental group. Each member of both faculty groups will teach one 
traditional lecture and one flipped classroom lecture. Following the first week prior to 
crossover, faculty will complete a Likert scale survey evaluating faculty satisfaction and 
student engagement.    
Results 
Each student cohort’s exam scores will be evaluated based on mean score and standard 
deviation at all three time points. Additionally, Likert scale responses will be evaluated at 
all three time points. Values will be assessed to determine if a relationship between 
lecture style, exam scores, and student satisfaction exist. Faculty Likert scale responses 
will be evaluated after traditional lecture and flipped classroom style teaching. Values 
will be assessed to determine if a relationship between lecture style and faculty 
satisfaction exist. 
Discussion 
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Results from this study will help to determine if the use of flipped classroom pedagogy is 
more effective than traditional lectures in engaging students and faculty, leading to 
improved performance on exams in a medical school setting.  
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INTRODUCTION 
Background 
Historically, medical education has revolved around large classroom settings in lecture 
halls. Justification for this format is that it is cost-effective and thought to be efficient in 
conveying information to a large group of learners1,2. However, “active learning” and 
“flipping the classroom” have prompted new shifts in content delivery. New methods 
alter lecture in a manner that engages students in higher levels of thinking within the 
classroom1,3–5.   This new student-driven desire for  learning basic concepts outside of the 
classroom, and applying those  concepts to solving problems inside the classroom turns 
traditional lecture style upside down6. The flipped classroom model involves interactive 
discussion where students’ questions can more readily be addressed by the expert. The 
idea is that students are retaining more information as a result of application during 
lecture time.  
Recent integration of flipped classroom education has shown promising increases 
in exam scores, OSCE performances, and class attendance7–11. Educators such as Salman 
Khan, founder of Khan Academy, and Dr. Dustyn Williams, founder of OnlineMedEd, 
have facilitated exceptional development of the flipping the classroom technique12. While 
initially requiring more effort from both instructor and student, it has been suggested that 
flipped classrooms have shown less demand on instructors and greater instructor 
satisfaction1,2.  
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Statement of the Problem  
Medical schools nationwide are beginning to implement a flipped classroom style of 
learning. This has been helped by technology development, which has provided resources 
for teachers and learners to adapt to various learning styles. The traditional approach to 
learning is now supplemented with increased visual-audio techniques6. Some advances in 
technology, such as video recording of traditional lectures have arguably led to decreased 
lecture attendance by students. This lack of attendance has discouraged lecturers, due to 
not having an audience13. Conversely, flipped classrooms have alleviated this issue with 
better attendance since students are engaged in problem-solving activities14,15. Given that 
the average human attention span tends to only last 10-15 minutes9, the flipped classroom 
model provides opportunities for students to maximize content absorption in a small 
window of time that traditional lectures do not. This consolidated, self-regulated study 
technique will ideally maximize information retention and synthesis, result in higher 
exam scores, and increase student satisfaction with medical courses.  
Hypothesis  
Students and faculty exposed to flipped classroom learning styles will have higher exam 
scores and satisfaction compared to the traditional learning style.  
Objectives and specific aims  
The goal of this study is to compare exam scores, student, and faculty satisfaction 
between flipped classroom methodology and traditional lecture style. The aim is to 
promote student-faculty interaction that fosters critical thinking while decreasing didactic 
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time in the classroom. A crossover study will be utilized with the following aims are 
anticipated from this study: 
1. To compare student satisfaction with traditional vs. flipped classroom styles in the 
infectious disease module of the medical curriculum at BU.  
2. To compare exam scores at three different stages in the infectious diseases 
module of the medical curriculum at BU between traditional and flipped 
classroom styles. 
3. To measure faculty satisfaction with flipped classroom content delivery. 
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REVIEW OF THE LITERATURE 
Overview  
The Flexner report of 1910 revealed a need for substantial change in medical education. 
This report evaluated over 150 medical schools in America, and helped to establish 
medical school standards regarding the needs of hands on learning16. Prior to this, 
aspiring medical professionals in America did not have a way to compare didactic 
education, cost, or resources between facilities. Thus, the Flexner Report provided the 
American people with a new level of transparency regarding medical education, and held 
medical training to a higher standard. Interestingly, pre-Flexnerian medical training was 
almost entirely didactic, with minimal clinical experience coming from apprenticeship16. 
Vastly different education experiences between schools became apparent, as many 
schools operated on afro-profit basis instead of education quality. In fact, many providers 
were given their medical degree simply if they were able to satisfy their tuition bills16. 
Expeditious development of understanding in biology, chemistry, and physics in the late 
1800s meant that medical education required adaptation in order to produce high-quality 
providers. 
Pre-Flexner era didactics consisted of dimly lit amphitheater lectures with 
minimal student-professor interaction16. An absence of clinical environments for students 
to practice application of skills was the norm, as school lasted only two semesters ranging 
from 12-20 weeks long14,16. Harvard surgery professor, Henry J. Bigelow, was quoted in 
1871 stating, “It is safe to say that no successful school has thought proper to risk large 
existing classes and large receipts in attempting a more thorough education.”14,16. Thus, 
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the Flexner Report prompted a monumental overhaul of medical education. Results from 
the report led to the “Post-Flexnerian Model” which is still in use today. This includes 
two years of didactic education, followed by two years of inpatient and outpatient care 
for aspiring physicians14,16.  
 Today, in the Post-Flexnerian era, many learning theories have developed 
regarding the ideal adult education environment. Models such as Bloom’s taxonomy and 
experiential learning have shifted education away from strictly didactic education for the 
medical professional. Furthermore, technology has become a key element for students 
and teachers in education. Traditional lecture style is now undergoing remodeling to 
incorporate this technological evolution, and further research has supported the existence 
of  different adult learner styles.  Within the last few decades, methods such as 
experiential learning, Bloom’s Taxonomy, flipped classrooms, Problem-Based Learning 
(PBL), and Team Based Learning (TBL) have gained traction.  The common theme in 
these methods is emphasis on synthesis and application of concepts through experiences.  
The best methodology for self-directed study and adult learning is subject to 
debate. In Howard Barrows’ book “Problem-Based Learning: An Approach to Medical 
Education”, Barrows attempts to identify the clinical reasoning process, and how to teach 
it to new students17. His analysis breaks down the clinical reasoning into, “Information 
perception and interpretation, hypothesis generation, inquiry strategy and skills, problem 
formulation, and diagnostic/therapeutic decisions”18. These processes often occur 
simultaneously and rapidly during evaluation and often are difficult to articulate to new 
students18. Barrows goes on to state,  “Facts related to us by others or information we 
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have read ourselves rarely seem to have the tenacity of the information we have gained 
from our own daily confrontation with problems”18.  
Questioning of teaching methodology inspired Bloom’s Taxonomy (Figure 1), 
which acts as a foundation for educators and learners alike. For educators, Bloom’s 
Taxonomy is used to design educational experiences using learning objectives which 
specify content, skills, and behaviors students are expected to develop, and form the basis 
of their assessment. In particular, Bloom’s Taxonomy provides a framework that can be 
used to measure student outcomes based on the original goals and objectives of the 
course1,5,12,15,19. Educators can specify their course goals and objectives as being 
knowledge-based, skills-based, or affective-based, and then design the curriculum 
accordingly. Whether knowledge-based, skill-based, or affective-based taxonomies are 
used, the common goal is to develop more advanced critical thinking, problem solving, 
and psychomotor skills as the learner advances up the taxonomy tree. By using Bloom’s 
Taxonomy, educators can design more effective learning experiences and student 
outcomes in courses and the curriculum. 
Knowledge-based, skill-based, and affective-based cognitive learning domains of 
learning are critical in various stages of the medical curriculum. Knowledge-based 
learning activities are common in subjects such as human anatomy, which focus first on  
retention and recall of fact and basic concepts, and then evolve to learning activities 
requiring synthesis and analysis using this foundational knowledge, e.g. memorizing 
anatomical structures and using this information in solving a clinical problem19.. Skill-
based learning activities, like suturing or surgery, challenge the learner to develop a 
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manual or physical skill by first  understanding the objective or expected outcome of the 
skill and then learning and practicing all of the steps or tasks to perform the procedure. 
For example, learning how to perform different types of suturing techniques, and then 
being asked to select and perform appropriate suturing based on a wound or incision 
present. Affective-based learning activities, such as developing empathy, aim to 
challenge student values and provoke questioning of understanding. Early affective-based 
learning objectives include willingness to participate, and progress to development of a 
value system that directs their behavior.  
All three cognitive learning domains are used to develop future healthcare 
providers. Health care providers require immense amounts of factual knowledge, but also 
need to be able to apply it in clinical practice based on signs, symptoms, and exam 
findings. Each domain is integral in a provider’s professional development.   
Within the knowledge-based, skill-based, and affective-based cognitive learning 
domains of Bloom’s Taxonomy, further subdivisions exist. Each of these subdivided tiers 
specifies a certain level of. “Recall” is found as the bottom- level. Here, students are able 
to retain and recall facts5,17,19. Over time, students progress to the “understand” level, 
where the learner is able to teach others. Eventual “application” of information allows a 
learner to solve new problems with current understanding. The learner progresses further 
by “analyzing” multiple problems and draws connections between concepts. Once at the 
analysis stage of the learning pyramid, students are able to test new ideas that arise based 
on understanding. A true level of understanding comes when the learner can then 
“evaluate” a concept, critiquing what is known and defending their stance on an issue. 
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Learners have achieved the top level of a taxonomy pyramid when they “create” their 
own work based on past integration of information about a subject or topic.  
Figure 1. An illustration from Armstrong et. al of the Bloom’s Taxonomy structure. The sophistication of 
learning evolves as the individual reaches higher levels of the pyramid. Bloom’s Taxonomy structure applies to 
each of the knowledge, skills, and affection taxonomies19. 
Another form of learning that has come to light has been the concept of 
experiential learning from Lewin, Dewey, and Piaget20. Experiential learning focuses on 
the importance of combining experience with acquisition of knowledge, and is a modality 
of learning popular with adults20. Three major elements of experiential learning are that it 
is process-driven, continuous, and requires resolution of conflicts between dialectically 
opposed modes of adaptation7,11,20,21. Experience through acquisition is the remodeling of 
understanding through ongoing tangible occurrences. In other words, learning-by-doing 
leads to continuous development of understanding.   
Recently, educators have experimented with styles of teaching that promote 
student engagement, utilizing less “sage on the stage” technique and more in class student 
involvement2,3,22–24. Styles such as Team-Based Learning (TBL), flipped classrooms, and 
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Problem-Based Learning (PBL) have grown increasingly popular among educators and 
students. These pedagogies have similarities in that they focus on challenging student 
understanding within the classroom, while students use out of class time to build their 
foundational knowledge. In doing this, students are thought to retain and apply 
information more effectively, and time in the classroom is thought to be more 
productive3,11,15,22,25.  
 
Team Based Learning 
TBL exercises require students to perform individual as well as team activities in the 
classroom26. In this learning activity, students are exposed to a problem, and multiple 
discussions occur in teams in the classroom26. Over multiple sessions, students gather 
information at home and in discussion, facilitating their learning from one another. 
During class, there are two types of assessments: an Individual Readiness-Assessment-
Test (IRAT) and a Team Readiness-Assessment-Test (TRAT)26,27. In the IRAT, students 
are individually assessed to ensure that they have a basic understanding of the material 
from their pre-class assignment. The TRAT is then given to the team of 6-7 learners who 
have been assigned to work together. Once the TRAT has been completed, students are 
brought together for facilitated discussion. The facilitated discussion is then followed by 
application of concepts and applied discussion among teams (Figure 2). 
 
Figure 2. Adaptation of TBL classroom format from Gullo et. al. Individuals are exposed to content before in 
class activities (phase I). Following exposure, assessment of individuals and teams occurs, which culminates to 
application and facilitated discussion (Phase II and III)28. 
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Flipped Classroom 
The flipped classroom learning model has been piloted in medical schools, and results 
have been promising11,29–33. In this technique, learners’ initial exposure to foundational 
knowledge occurs at home, either virtually or through reading and problem assignments. 
This initial exposure is followed by exercises in the classroom in which they apply 
content to solve problems7,33. The nature of the flipped classroom is versatile, and has 
been used in didactic and clinical settings6,21,30,34. The flipped classroom provides 
educators with flexibility in delivery of content, and learners have freedom to learn at 
their own pace. Additionally, the flipped classroom has been found to sufficiently 
facilitate procedural teaching for medical residents and practitioners10,30. The notion that 
the flipped classroom model better utilizes classroom time compared to Lecture Based 
Learning (LBL) has made it increasingly popular, and studies have shown that it is 
associated with increases in student and faculty satisfaction with adult education8,21,30. 
According to Jami S. Smith, PA-C, the most crucial element behind these methods of 
information delivery for students lies in the follow up in the form of in-class active 
learning9. Without active learning implementation in the classroom, this pedagogy is 
thought to be no different vs. LBL that is simply removed from the classroom setting. 
Given the vast amount of information delivered to medical students in an accelerated 
manner, retention is crucial, making the application element of medical knowledge of 
utmost importance.  
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Existing research 
Prior to its introduction to medical education, the flipped classroom concept began 
gaining traction in high schools and undergraduate courses22. In a Harvard electricity and 
magnetism physics course for example, Miller et. al studied how peer instruction affected 
adult learners. In particular, the focus was on peer instruction and its relationship to 
student’s feelings of self-efficacy. Students with higher self-efficacy scores were found to 
perform better in independent learning environments22.Over the course of a semester, 91 
students were exposed to 83 ConcepTests, short conceptual tests centered on one topic. 
During each ConcepTest, students responded to a single question two times: once 
individually, and again after peer-mediated discussion. Both responses were recorded 
online using learning software. Answers were classified based on correct response both 
times (Right-Right), changing a correct answer to an incorrect answer (Right-Wrong), 
changing an incorrect answer to a correct one (Wrong-Right), or changing between 
incorrect answers (Wrong-Wrong). Additionally, students were exposed to a “self-
efficacy” survey, in which students assessed their abilities to approach physics problems 
using a Likert scale. Overall, students were found to switch 44% of their responses to 
ConcepTests between individual assessment and peer-discussions. Seventy three percent 
of those switches were Wrong-Right switches. Further one way analysis of variance 
identified that individuals with high rated self-efficacy were found to switch their 
responses to ConcepTests significantly less often compared to those with low rated self-
efficacy (p<0.05)22. This was found to be true even after controlling for previous physics 
knowledge. Miller et. al postulated that low self-efficacy scores are likely related to lower 
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confidence in explaining concepts to their peers. This paper establishes the importance of 
instructors implementing scaffolding when introducing challenging concepts, especially 
in the setting of low self-efficacy. Based on these findings, utilization of strategies by the 
instructor to build self-efficacy for students will likely produce better exam results for 
students. Additionally, results of this study suggest that high levels of self-sufficiency are 
important in the adult learning environment. 
Within medical education, the flipped classroom has been a valuable resource for 
teaching students clerkship techniques and radiology21,30. In an evaluation of 175 students 
enrolled in radiology clerkships, O’Connor et. al conducted an IRB-approved prospective 
cohort study. Third and fourth year medical students were enrolled in four week 
clerkships in radiology, where two traditional lectures and two flipped classroom 
workshops were designed to teach identical content. Students were separated into either a 
traditional lecture model or flipped classroom learning model21 and followed the 
curricula as designated in Figure 3. Upon completion of the clerkship, post-test and 
survey assessments were used to evaluate overall student performance and satisfaction 
with the course. Linear mixed effects regression analysis compared the relationship 
between exam score and lecture type. Between the 103 traditional lecture students and the 
72 flipped classroom students, mean post-test minus pre-test scores were 10.5% higher in 
the flipped classroom students compared to the traditional lecture students (95% CI, P= 
0.013). Survey response evaluation of both cohorts showed statistically significant 
improvement in task value interpretation and course satisfaction in the flipped classroom 
group as well (P< 0.01)21. Important to note is that this study mentions the factor of task-
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value as being an indicator of whether or not a student will use a self-regulated learning 
module. It is possible that the students’ increased perceived task value in the flipped 
classroom promoted greater test scores. This requires further study, however. 
 
Figure 3. Method breakdown for radiology flipped classroom study by O’Connor et. al. 175 third and fourth 
year medical students were separated into traditional style lecture groups or flipped classroom learning for 
learning neuroimaging. Chronological arrangement of each group's four week clerkship is shown above.  
Benefits from flipped classroom style learning have also been  seen in a study 
involving instructing students on the medical interview. Oftentimes, the medical 
interview poses a challenge to students because of the many different styles and 
techniques by which it can be done. By comparing a flipped e-learning model of teaching 
vs. traditional lecture, researchers at Northwestern University found that implementing a 
flipped classroom approach to teaching the medical interview greatly improved their 
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second-year medical student interview skills25. Harding et. al. evaluated 132 second-year 
medical students at three different time points, using mean scores on presentation 
evaluations to compare cohorts. This crossover study incorporated hands-on learning 
with virtual lecture content and quizzing before presentations. Using pre-recorded patient 
interviews, a checklist for medical interview criteria, and feedback from fourth year 
medical student mentors, students were exposed to applied learning of the medical 
interview. Students were required to answer questions about virtual interviews online, 
and were also given opportunities to present patients to their mentors for feedback. When 
evaluated at the midpoint of the study, the intervention group showed a 7.2% greater 
increase in mean presentation scores compared to the control group (p<0.01)25. 
Furthermore, after intervention, both groups in the crossover study scored significantly 
higher than any historical group that received traditional training. Intervention groups had 
final mean presentation scores of 77.8% and 78.4%, compared to the historical 
comparison mean of 68.1% (p<0.001)25.  
The flipped classroom approach has been presented as a means of teaching 
bedside techniques for medical professionals as well, and has been valuable in resident 
training when time is scarce. In particular, the ICU has been found to be a challenging 
environment for teaching because of the dynamic setting and complex patients. Thus, the 
flipped classroom has been useful for collaboration and discussion in these environments. 
Tainter et. al. successfully utilized the flipped classroom in the ICU setting for teaching 
point-of-care echocardiography30. Residents involved in the study found that the flipped 
classroom model provided flexibility and individualization in their schedules, and they 
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were able to focus on higher cognitive skill development in the classroom30. 
Massachusetts General Hospital’s SICU residents were exposed to four 5 minute videos 
about echocardiography principles as pre-class assignments for hands-on training 
sessions. These videos were followed by bedside training sessions led by experienced 
clinicians. Wilcoxin rank test evaluation of pre and post intervention in all four modules 
showed statistically significant improvement of knowledge scores (37.38%, 37.95%, 
50.23%, 26.98% respectively, P<0.0001)30. Residents also expressed greater mean 
confidence in ability to use point-of-care echocardiography at the bedside. Mean level of 
confidence in principles of ultrasound jumped from 2 to 5 before and after intervention 
respectively (P < 0.0001)30. This helps to reinforce that e-learning followed by in class 
training is a valuable tool for teaching in scenarios that involve bedside techniques as 
well as clerkship training.   
It is important to remember that students participating in a flipped classroom 
require guidance and must be held accountable to ensure that learning objectives are met. 
Checkpoints in student learning are important since the flipped classroom technique is 
relatively novel and educators implement different forms of this pedagogy. For example, 
Bossaer et. al. compared the exam performance of students in their oncologic 
pharmacotherapy course who were exposed to standard lecture vs. flipped classroom 
models. Third-year pharmacy students were exposed to these two models of learning 
between 2012 and 2013. The 2012 cohort was exposed to interactive lectures with 
audience response questions and supplemental quizzes. Conversely, the 2013 cohort 
experienced 25-50 minute video podcasts of lecture from years prior31. Bossaer et. al. 
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explained that the flipped content preparation by faculty was minimal, and students were 
not held accountable for vodcast content with quizzes or case studies. The absence of 
“checkpoint” material differs from the standard lecture group, which received multiple 
checkpoint quizzes. At the end of the course, both the 2012 and 2013 cohort took the 
same  examination consisting of 75 questions. Upon ANOVA evaluation, the cohort of 
72 students who experienced interactive lectures performed better on the final exam 
compared to the 76 students that were in the flipped classroom group (mean exam scores: 
89.5% vs 88.0% respectively, p=0.02). While this might seem to reflect negatively upon 
the flipped classroom, there are a few important elements highlighted by this study. First, 
Bossaer et. al explained that 67% of their lecture content was flipped between 2012 and 
2013. They propose that it is likely that this abrupt change in content delivery style could 
have  negatively impacted students’ exam scores31. The marginal negative impact on 
exam scores could have been reflective of the abrupt content delivery change rather than 
gradual integration. Future study with more gradual implementation of flipped classroom 
content may be more beneficial for students. Additionally, the study acknowledges that 
faculty providing instruction did not ensure student viewing of vodcasts prior to class 
attendance. Further discussion by the authors identifies the importance of ensuring 
accountability when completing pre-class work. This is particularly important when 
preparing for high-level discussions, such as in medicine31. Bossaer et. al. proposed that 
accountability ensures that the learner is challenged and is able to apply information as 
they receive it. Additionally, the study goes on to mention that students expressed that 
video content was “…too long and detailed.”31. While the lecturer might find it 
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convenient to simply deliver previous content in video format, flipped classroom content 
requires tactful delivery and succinct lecture time. A common problem for lecturers that 
are new to the flipped classroom content is that videos are too long. It is important to 
emphasize succinct video lecture material, and to challenge the learner in class so that 
they may apply concepts in an active learning format. Thus, providing students with 
engaging and time-limited pre-class assignments and following up on student preparation 
are key factors in flipped classroom success.  
An example of tracking student progress is found in Pierce, et. al.’s evaluation of 
student performance in the flipped classroom setting compared to traditional lectures34. A 
core component of this study involved process-oriented guided inquiry learning 
(POGIL)34. POGIL methods were designed to, “…[complement],[summarize], and 
[allow] for application of the material contained in the previously viewed lectures”34. 
These POGIL materials were implemented the day after video content was introduced, 
and were in the form of patient cases. Each patient case required justification of student 
reasoning and in depth discussion of processes of medication dosing. Pierce et. al. 
compared mean final exam scores of 71 pharmacy students to mean exam scores of the 
year prior. While a 2011 cohort received 23 hours of standard lectures, the 2012 cohort 
received four of those hours in a vodcast form plus a POGIL session. Upon t test analysis, 
a statistically significant difference in mean final exam score was found between the two 
cohorts (77.7%, SD = 4.7 vs.81.6%, SD = 4.4, p=0.024). More importantly, however, 
96% of the 52 surveyed students strongly agreed that viewing vodcasts prior to POGIL 
activity was essential, and 90% of these students emphasized that instructors made 
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meaningful connections between topics in the class discussions34. These Likert scale 
responses suggest that online material, when used appropriately, provides opportunities 
for students to practice thinking critically within the classroom.  
Elements such as hands-on learning, increased team communication, and greater 
long term retention have been reported following the implementation of TBL 
activities10,23,29. One major element of debate among educators is whether or not 
improved test scores result from a TBL setting. TBL activities promote communication 
between peers, and allow for discussion that is largely representative of the actual clinical 
setting9,25,26. Furthermore, TBL sessions are able to address the staggered level of mastery 
among students. Students who need assistance may ask questions, while those in need of 
a challenge are allowed to dive deeper into content. Additionally, TBL and flipped 
classroom exercises allow for diversified learning. While some students may utilize 
videos that deliver content, others can utilize audio podcasts or reading assignments 
depending on their learning preferences34.  
Currently, TBL and flipped classroom teaching has evolved to consist of multiple 
styles of presentation. Most commonly, instructors utilize videotaping of their screens, or 
“screencasting” their presentation, which can then be played back by students at their 
leisure. Similarly, MP3 audio recordings have allowed for students to listen to content on 
the go. Screen casting has become a global sensation, most famously through the Kahn 
Academy. The power behind a flipped classroom is that it allows students to learn at their 
own pace, helping them explore material sufficiently before advancing through the 
lecture13,15,21,34,35.  
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Bonwell et. al states that active learning is fundamentally about “students doing 
things and thinking about what they are doing”2. Bonwell’s findings further suggest that 
“active learning increases student engagement, motivation, and development of higher-
order thinking skills” through constant real-time feedback and adaptation. Bonwell and 
Smith’s evaluation of active learning and the flipped classroom found that learning 
becomes less of a chore and more “intrinsically rewarding…even entertaining” when 
implemented compared to standardized lecture9. 
 When assessing the efficacy of flipped classrooms and PBL, experience, 
satisfaction, and performance are all variable depending on course structure. In a 
retrospective study, Hawkins et. al evaluated a cohort of 47 Physician Assistant students 
based on performance on six exams. Students were evaluated based on their performance 
on both multiple choice exams as well as patient management problem exams. Six 
different facilitators were used, three novice flipped classroom facilitators and three 
experienced flipped classroom facilitators36. Multiple choice exam scores and patient 
management problem exam scores of each student were sorted based on facilitator. 
ANOVA and Kruskal-Wallis tests were used to evaluate individual performance of 
students in each faculty led unit. Interestingly, experienced faculty had a positive 
statistically significant impact on student performance in evaluation exams (Χ2 = 11.946, 
DF = 5, p = 0.04) compared to inexperienced faculty36. The author hypothesized multiple 
reasons as to why this occurred. Specifically, experienced faculty had between 63 and 99 
months of practice in leading flipped classroom problem based learning sessions. This 
experience may have allowed for leaders to better identify their role as facilitators 
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compared to their newer peers. This in turn may have helped with group management and 
time efficiency. Ultimately, however, the author expressed the importance of faculty 
understanding of the group management role when teaching in the flipped classroom 
environment.  
 TBL exercises have also been utilized in the laboratory setting in order to promote 
peer discussion and kinesthetic learning. In an analysis of TBL by Isbell, et. Al, 191 PA 
students and nurse anesthetist students were involved in a team based learning curriculum 
for gross dissection in anatomy. The study assessed TBL effects on student performance 
between 2013 and 2014. In the 2013 cohort, a standard gross dissection anatomy lab was 
setup for the PA and nurse anesthetist students at the University of Alabama. The 2014 
cohort’s anatomy lab was supplemented with TBL exercises, and students were then 
involved in teaching their colleagues that were in lab the following day. T-test analysis of 
both cohorts revealed a statistically significant improvement in mean written exam scores 
by 5.4 points for PA students from 2013 to 2014. Similarly, mean PA lab practical exams 
showed a statistically significant improvement of 6.4 points when compared to traditional 
lecture scores32 between 2013 and 2014 (p <0.05). Further, the implementation of a 
hybrid TBL anatomy lab also was associated with increased final grades, as the number 
of A, A-, and B grades improved from 7,8, and 12 respectively to 21, 17, and 14 
respectively32. This tailoring of the medical curricula at University of Alabama improved 
exam scores of both nurse anesthetist and PA students while it also solved the issue of 
cadaver shortage for students. In this example, students were able to thrive in an 
environment that fostered peer teaching and interprofessional communication.   
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METHODS 
 
Study design 
The study will be an evaluation of competency and satisfaction. Students and faculty will 
provide qualitative and quantitative feedback regarding the implementation of flipping 
the classroom during a Disease and Therapy (DRx) module. Students will be evaluated 
quantitatively by three test scores. Both faculty and students will provide qualitative 
feedback regarding overall satisfaction with module implementation and challenges that 
arise in order to allow for future revision. Mid-module feedback will be gathered in order 
to allow for appropriate adjustments.  
 For the faculty, a flipped classroom lecture series will be designed in which 
faculty will be given instruction on how to conduct a flipped classroom. The faculty will 
then give feedback on the lecture series to allow for further revision.  
 
Study population and sampling 
The population of the study will include BUPA students during their didactic year of 
training and second year medical students.  
 
Intervention 
Using the Flipped Classroom “Guiding Principles For Successful Design and 
Execution”1, the Flipped Classroom model will be implemented for all virology lectures 
of the DRx Infectious Diseases module.  
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Plan 
Currently, the DRx  ID module content is delivered in 33 lecture sessions each lasting 50 
minutes. These lectures include  12 lectures about viruses. Using the DRxIDsyllabUS, 12 
online video modules of pre-class content will be developed lasting 15-20 minutes each. 
These online modules will cover the same topics designated in the standard lectures. For 
each online module, active learning exercises and assessment content will be developed 
for in-class time. The content of the active learning and assessment will align directly 
with online modules, and will be designed to promote in-class synthesis and application 
of information. In-class activities will involve Team-Based Learning (TBL) exercises.  
 
Prioritize content 
From the syllabus, foundational information will be identified to be included in the online 
video modules. This foundational information will serve as building blocks for discussion 
in the in-class activities, and promote student investigation and subject exploration. The 
goal of content priority is to steer away from delivery of high volumes of information to 
allow for greater depth of exploration during in-class discussion.  
 
Collaborate 
Specialists with different backgrounds will be recruited in order to optimize delivery of 
content. Examples include a technical specialist for video and software use, a topic expert 
for content delivery that is digestible yet concise, and an educator to ensure content is 
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delivered in an engaging and effective manner that is consistent with the module goals 
and learning objectives.  
 
Communicate 
Content will be given to students identifying expectations prior to each lecture. Students 
will be given information to help them best understand how to prepare for the learning 
session the next day. Students will have the ability to convey concerns about the course 
workload or learning sessions. Evaluations by students and faculty during and after the 
module will be done to ensure appropriate adjustments are made effectively. Faculty 
leading the module flipped classroom sessions will be given clear expectations for 
designing and implementing the sessions to ensure adequate use of class time.  
 
Avoid re-lecturing 
A common misconception is that flipping the in-class activity entails lecturing on the 
same material that students have already received in their pre-class activity. In order to 
maintain interest and participation in class, it is essential to steer away from re-delivery 
and more toward synthesis and application.  
 
Instill confidence 
Students should be given opportunities to actively participate and assess their own needs 
based on in-class assessments. Faculty should provide emphasis of key concepts, and key 
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concepts should be re-addressed in subsequent activities. Additionally, faculty should be 
given clarity regarding how best to approach student struggles and inquiries.  
 
Flexibility and adaptation 
During in-class activities, the needs of cohorts changes between groups. Each in-class 
activity should be supplemented with 1-3 minute micro-lectures to promote further 
understanding and clarify misconceptions among the group during each activity. 
Adjustments during the course should be expected and implemented based on feedback. 
 
Study variables and measures 
Students will be asked to take three tests during the course of study. The tests will be 
multiple choice, and will consist of thirty questions. Content within each test will address 
the same material. The exam content will cover the following material: 
• Virology, Virus pathogenesis and Diagnostics 
• Retroviruses and HIV/AIDS 
• Poxviruses, HSV 
• Adenovirus, Parvovirus, Papillomavirus, Polyomaviruses, Picornaviruses 
• MMR and Antivirals 
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Recruitment 
All students in the didactic year of the BUPA program will participate in the study, as 
well as all second year medical students. All faculty involved in teaching virology during 
the ID module will also participate in evaluation and feedback.  
 
Data collection 
A series of non-cumulative tests will be given to students to evaluate content mastery. 
Prior to beginning the module, each group will be administered a 30 question USMLE-
style test in order to evaluate student understanding prior to intervention. Following the 
first intervention (traditional lecture or flipped classroom), a similar 30 question exam 
will be administered. At the end of the second intervention, another test will be delivered 
that follows the USMLE-style format currently used for all DRx exams (Figure 4).  
Additionally, two evaluations will be completed by both faculty and students. A mid-
module evaluation will be completed in a Likert scale style format to assess student and 
faculty satisfaction. The same Likert scale style questionnaire will be administered after 
the final test in order to monitor changes in satisfaction following mid-module 
evaluations.  
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Figure 4. Study design of flipped classroom vs. traditional lecture. Students will be separated into two cohorts in 
a quasi-experimental crossover study. Subjects will be exposed to identical content at two separate time points.  
Data analysis 
Test scores from each test will be averaged for both cohorts at the end of the ID module. 
A t-test will be used to compare mean test scores between cohorts following test 1, and 
again after test 2. Data from mid-course and end Likert scale evaluations will be taken for 
mean item scores and standard deviation in order to assess program efficacy and help 
refine the flipped classroom.  
 
 
 
Cohort 1
Pre-test evaluation
Flipped Classroom 
Module
Test 1 and Likert 
evaluation 1
Standard Lecture 
Module
Test 2 and Likert 
evaluation 2
Cohort 2
Pre-test evaluation
Standard Lecture 
Module
Test 1 and Likert 
evaluation 1 
Flipped Classroom 
Module
Test 2 and Likert 
evaluation 2
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Timeline and resources 
Summer 2017 
• IRB submission and approval 
• TBL and flipped classroom lecture series for faculty  
• Initiation of pre-class content development for viral lectures 
• Development of 3 tests 
• Development of Likert scale mid-course and end course evaluations 
Fall 2017 
• Continue development of pre-class content for virology lectures 
Spring 2018 
• Development of in-class activities for virology lectures 
• Finalize of online content and course material 
Summer/Fall 2018 
• First student cohorts  
• Study completion and evaluation of data 
• Manuscript submission for peer-review  
All project evaluation, data collection and entry will be conducted by the primary 
investigator. All curricula will be developed with the help of the BUPA faculty and ID 
faculty at BUSM to ensure accuracy. Online media content will be edited and recorded 
with the help of BUSM technical support faculty. Data analysis will be conducted with 
the help of statistical analysis software and a statistician.  
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Institutional Review Board 
The study will be submitted to the Boston University Medical Campus IRB for review for 
exemption for educational studies under 45 CFR 46. 101 (b) criteria. Expedited review 
submission will be considered if the IRB does not approve the educational status. 
Administrative Support:  
• Clerical (wages) 
• Technical support 
• Data entry 
• Statistical consulting 
Supplies and Expenses: 
• Video camera 
• Video editing software 
• Sound acoustics for room  
• Camera/video microphone 
• Dry erase markers 
• White board 
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CONCLUSION 
Discussion 
The evolution of medical education is an ongoing process in which educators are 
constantly evaluating how to improve teaching and learning. Beginning in the early 20th 
century, medical education has continuously transformed to better serve the public by 
improving the training of effective healthcare providers. Within the last half-century, 
published studies and position papers have prompted reform in medical education, 
including a transition away from standard lecture halls. In particular, the relevance of 
TBL, PBL, and flipped classrooms in medical education has been of recent interest. This 
study focuses on the  flipped classroom paradigm in the setting of medical education. In 
this study, the aim is to provide students with more opportunity to develop their 
reasoning and problem-solving skills as they learn pathophysiology  to better prepare 
them for the clinical environment.  
 Although there is potential for improvement in implementing this pedagogy, 
certain limitations of the study must be identified. In particular, educators and students 
vary in their delivery of content and learning preferences, respectively. These elements of 
delivery style and preference may adversely affect the study. While guidelines can be 
provided for educators and students, there is no method to ensure that each cohort of 
students will experience identical flipped classroom learning experiences.  
 PBL, TBL, and flipping the classroom are pedagogical strategies that have begun 
to gain more attention in a broad range of educational environments and levels. Ranging 
from elementary to professional school, these techniques, along with the advances in 
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understanding of the neurobiology of learning, have prompted a new look at traditional 
pedagogy and the need to take new approaches.  Medical education is particularly 
affected as classrooms become more engaging for students who used to sit for hours in 
lecture. It is likely that these methods of education will become the most common styles 
of teaching in the future based on current studies examining their effectiveness, and 
studies which show these methods are most consistent with learning from a neurobiology 
perspective.  
 
Summary 
The world of medicine constantly refers to evidence in the literature, and medical 
education should be no different. By referring to evidence when practicing, higher 
standards are achieved that ensure quality delivery of both care and training. Over the last 
half-century, research in medical education has produced data that support a shift in the  
learning environment towards greater self-sufficiency from the learner. This approach 
also compliments the nature of the adult learner by implementing real-life scenarios that 
develop problem-solving skills and critical thinking. By being able to apply knowledge 
and reasoning, students are given the opportunity to develop their clinical reasoning skills 
which is crucial to their profession. Given the relatively short duration of the formal 
education training period and the vast quantity of information delivered, medical trainees 
must learn in the most efficient and effective manner possible. By studying the 
effectiveness of different pedagogies and determining how learning occurs on a 
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neurological basis, best practices in teaching and learning can be implemented and 
continually refined to ensure optimal training of exemplary healthcare providers.   
 
Clinical and/or public health significance 
Development of an optimal and reproducible curriculum including flipped classrooms 
involving TBL or PBL provides other programs with the ability to utilize this style of 
teaching. Nationwide utilization of this pedagogy will likely continue to improve medical 
education, thereby producing more high quality healthcare providers. The hope is to 
implement an educational approach that helps students to take more away from their time 
in the classroom. This will ensure that students are getting the utmost out of their 
education.  
  
 32 
LIST OF JOURNAL ABBREVIATIONS 
Acad Radiol. Academic Radiology Journal 
Adv Physiol Educ. Advances in Physiology Education 
Am J Pharm Educ. American Journal of Pharmaceutical Education 
Anat Sci Educ. Anatomical Sciences Education 
Annu Rev Biomed 
Eng. 
Annual Review of Biomedical Engineering 
Curr Probl Pediatr 
Adolesc Health 
Care 
Current Problems in Pediatric and Adolescent 
Health Care 
IAMSE International Association of Medical Science 
Educators  
J Physician Assist 
Educ Assoc. 
Journal of Physician Assistant Education 
Association 
J Eng Educ. Journal of Engineering Education 
JAMA The Journal of the American Medical Association 
J Intensive Care 
Med 
Journal of Intensive Care Medicine 
Med Educ. Medical Education – Wiley Online Library 
Med Teach Medical Teaching Journal for International 
Association of Medical Education 
 33 
N Engl J Med. New England Journal of Medicine 
Ochsner J. The Ochsner Journal 
Phys Rev Spec Top 
- Phys Educ Res. 
Physics Review Physical Education Research  
Science International Weekly Science Journal 
  
 34 
REFERENCES 
1.  Fornari A, Poznanski A. How-to Guide for Active Learning. International 
Association of Medical Science Educators; 2015. 
2.  Bonwell CC, Eison JA. Active Learning: Creating Excitement in the Classroom. 
Washington, DC: School of Education and Human Development, George 
Washington University; 1991. 
3.  Mazur E. Education. Farewell, lecture? Science. 2009;323(5910):50-51. 
doi:10.1126/science.1168927. 
4.  Prince M. Does active learning work? A review of the research. J Eng Educ. 
2004;93(3):223–231. 
5.  White CB. Exploring meaningful and truly integrative changes: a call to arms for 
medical education. Med Educ. 2016;50(5):504-506. doi:10.1111/medu.13049. 
6.  Gillispie V. Using the Flipped Classroom to Bridge the Gap to Generation Y. 
Ochsner J. 2016;16(1):32-36. 
7.  McLean S, Attardi SM, Faden L, Goldszmidt M. Flipped classrooms and student 
learning: not just surface gains. Adv Physiol Educ. 2016;40(1):47-55. 
doi:10.1152/advan.00098.2015. 
8.  Wardley CS, Applegate EB, Van Rhee JA. A comparison of student knowledge 
acquisition by organ system and skills in parallel problem-based and lecture-
based curricula. J Physician Assist Educ Off J Physician Assist Educ Assoc. 
2013;24(1):5-14. 
9.  Smith JS. Active learning strategies in the physician assistant classroom--the 
critical piece to a successful flipped classroom. J Physician Assist Educ Off J 
Physician Assist Educ Assoc. 2014;25(2):46-49. 
10.  Friederichs H, Weissenstein A, Ligges S, Möller D, Becker JC, Marschall B. 
Combining simulated patients and simulators: pilot study of hybrid simulation 
in teaching cardiac auscultation. Adv Physiol Educ. 2014;38(4):343-347. 
doi:10.1152/advan.00039.2013. 
11.  Keim Janssen SA, VanderMeulen SP, Shostrom VK, Lomneth CS. Enhancement 
of anatomical learning and developing clinical competence of first-year medical 
and allied health profession students. Anat Sci Educ. 2014;7(3):181-190. 
doi:10.1002/ase.1398. 
 35 
12.  Williams DE, Thornton JW. Flipping the Physical Examination: Web-Based 
Instruction and Live Assessment of Bedside Technique. Ochsner J. 
2016;16(1):70-72. 
13.  Prober CG, Heath C. Lecture halls without lectures--a proposal for medical 
education. N Engl J Med. 2012;366(18):1657-1659. 
doi:10.1056/NEJMp1202451. 
14.  Mahan JD, Clinchot D. Why medical education is being (inexorably) re-imagined 
and re-designed. Curr Probl Pediatr Adolesc Health Care. 2014;44(6):137-140. 
doi:10.1016/j.cppeds.2014.01.002. 
15.  Deslauriers L, Schelew E, Wieman C. Improved learning in a large-enrollment 
physics class. Science. 2011;332(6031):862-864. 
doi:10.1126/science.1201783. 
16.  Beck AH. STUDENTJAMA. The Flexner report and the standardization of 
American medical education. JAMA. 2004;291(17):2139-2140. 
doi:10.1001/jama.291.17.2139. 
17.  The neurobiology of learning: lessons for medical education. 
http://research.vtc.vt.edu. 
http://research.vtc.vt.edu/news/2012/jun/29/neurobiology-learning/. 
Accessed July 11, 2016. 
18.  MD HSB, BScN RMT. Problem-Based Learning: An Approach to Medical 
Education. Springer Publishing Company; 1980. 
19.  Bloom B. Bloomtaxonomy.jpg (JPEG Image, 1279 × 722 pixels) - Scaled (87%). 
https://cft.vanderbilt.edu/wp-content/uploads/sites/59/Bloomtaxonomy.jpg. 
Accessed July 12, 2016. 
20.  Experiential Learning: experience as the source of learning and development. 
http://academic.regis.edu/ed205/kolb.pdf. Accessed July 13, 2016. 
21.  O’Connor EE, Fried J, McNulty N, et al. Flipping Radiology Education Right Side 
Up. Acad Radiol. April 2016. doi:10.1016/j.acra.2016.02.011. 
22.  Miller K, Schell J, Ho A, Lukoff B, Mazur E. Response Switching and Self-Efficacy 
in Peer Instruction Classrooms. Phys Rev Spec Top - Phys Educ Res. 2015;11(1). 
doi:10.1103/PhysRevSTPER.11.010104. 
23.  Parkhurst DC. A call for transformation in physician assistant education. J 
Physician Assist Educ Off J Physician Assist Educ Assoc. 2015;26(2):101-105. 
doi:10.1097/JPA.0000000000000017. 
 36 
24.  Attendance Policies: Do They Help or Hinder Adult Learning. 
http://www2.paeaonline.org/index.php?ht=a/GetDocumentAction/i/146029. 
Accessed October 10, 2016. 
25.  Heiman HL, Uchida T, Adams C, et al. E-learning and deliberate practice for oral 
case presentation skills: a randomized trial. Med Teach. 2012;34(12):e820-826. 
doi:10.3109/0142159X.2012.714879. 
26.  Gullo C, Ha TC, Cook S. Twelve tips for facilitating team-based learning. Med 
Teach. 2015;37(9):819-824. doi:10.3109/0142159X.2014.1001729. 
27.  Johnson C. Team-Based Learning for Health Professions Education: A Guide to 
Using Small Groups for Improving Learning. J Chiropr Educ. 2009;23(1):47-48. 
28.  PubMed Central, Figure 1. : Med Teach. 2015 Sep 2; 37(9): 819–824. Published 
online 2015 Feb 10. doi:  10.3109/0142159X.2014.1001729. 
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4776725/figure/F0001/. 
Accessed July 15, 2016. 
29.  Nguyen T, Wong E, Pham A. Incorporating Team-Based Learning Into a 
Physician Assistant Clinical Pharmacology Course. J Physician Assist Educ Off J 
Physician Assist Educ Assoc. 2016;27(1):28-31. 
30.  Tainter CR, Wong NL, Cudemus-Deseda GA, Bittner EA. The “Flipped 
Classroom” Model for Teaching in the Intensive Care Unit: Rationale, Practical 
Considerations, and an Example of Successful Implementation. J Intensive Care 
Med. February 2016. doi:10.1177/0885066616632156. 
31.  Bossaer JB, Panus P, Stewart DW, Hagemeier NE, George J. Student 
Performance in a Pharmacotherapy Oncology Module Before and After Flipping 
the Classroom. Am J Pharm Educ. 2016;80(2):31. doi:10.5688/ajpe80231. 
32.  Isbell JAM, Makeeva VB, Caruthers KM, Brooks WS. The Impact of Team-Based 
Learning (TBL) on Physician Assistant Students’ Academic Performance in 
Gross Anatomy.  [Abstract]. J Physician Assist Educ. 2016;27(3):126-130. 
doi:10.1097/JPA.0000000000000082. 
33.  Rotellar C, Cain J. Research, Perspectives, and Recommendations on 
Implementing the Flipped Classroom. Am J Pharm Educ. 2016;80(2):34. 
doi:10.5688/ajpe80234. 
34.  Pierce R, Fox J. Vodcasts and active-learning exercises in a “flipped classroom” 
model of a renal pharmacotherapy module. Am J Pharm Educ. 2012;76(10):196. 
doi:10.5688/ajpe7610196. 
 37 
35.  Harris TR, Bransford JD, Brophy SP. Roles for learning sciences and learning 
technologies in biomedical engineering education: a review of recent advances. 
Annu Rev Biomed Eng. 2002;4:29-48. 
doi:10.1146/annurev.bioeng.4.091701.125502. 
36.  The Effect of Experienced vs. Novice Problem-Based Learning... : The Journal of 
Physician Assistant Education. LWW. 
http://journals.lww.com/jpae/Fulltext/2007/18040/The_Effect_of_Experience
d_vs__Novice_Problem_Based.17.aspx. Accessed September 29, 2016. 
 
  
 38 
 
CURRICULUM VITAE 
 39 
 
 
 
 
 
 
 40 
